The study was carried out to map out the dynamics of scientific output in fisheries and aquaculture in India during the decade 2007-2016, applying 
THE world's population is expected to rise to more than 9 billion by 2050 eliciting 70% increase in global demand for food, feed and fibre. Moreover, rapid changes are expected in the life style and consumption patterns due to growing urbanization resulting in the decline in shares of grains and pulses and huge increase in the consumption of vegetables, fruits, meat, dairy and fish 1 . This formidable challenge will give rise to alarming situations particularly in developing countries where people still suffer from poverty and hunger 2 . In such a scenario, fisheries and aquaculture are expected to play a vivacious role in providing nutritional security to the food basket 3 . Fish is an important part of the human diet and provides about 20% of animal protein intake, globally 4 . On one hand, it serves as a healthy food for the affluent world owing to its oil rich in polyunsaturated fatty acids (PUFAs) and on the other hand, fish is a health food owing to its proteins, oils, vitamins and minerals and other benefits associated with the consumption of small indigenous fishes by the people in the other extreme of the nutrition scale 5 . Fisheries and aquaculture contribute significantly to food security and livelihoods. Fish provides essential nutrition for nearly 3 billion people and at least 50% of animal protein and minerals to 400 million people from the poorest countries. Over 500 million people in developing countries depend, directly or indirectly, on fisheries and aquaculture for their livelihoods. Aquaculture is the world's fastest growing food production system, growing at the rate of 7% annually and fish products are among the most widely traded food, with more than 37% (by volume) of world production traded internationally.
In India too fisheries sector occupies an important place in the socio-economic development of the country. It has been recognized as a major income and employment generator as it stimulates growth of a number of subsidiary industries, and is a source of cheap and nutritious food besides being a foreign exchange earner. Most importantly, it is the source of livelihood for a large section of economically backward population of the country. The fisheries' resources of the country comprise both marine (exclusive economic zone (EEZ) of 2.02 million sq. km, a continental shelf area of 530,000 sq. km and a coast line of 8118 km) and inland (45,000 km of rivers, 3.0 m ha of reservoirs). The export of 1.05 million tonnes fish and fish products worth Rs 3344.2 million constituting 10% of total exports of the country and 20% of the agricultural exports, make it the largest agricultural sub-sector 6 . Constituting about 6.3% of the global fish production, the sector contributes to 1.1% of the GDP and 5.15% of the agricultural GDP. The total fish production of 10.07 million metric tonnes presently has nearly 65% contribution from the inland sector and nearly the same from culture fisheries. Paradigm shifts in terms of increasing contributions from inland sector and further from aquaculture are significant over the years. With high growth rates, the different facets of marine fisheries, coastal aquaculture, inland fisheries, freshwater aquaculture, cold water fisheries influence the food, health, economy, exports, employment and tourism of the country. India is the third largest producer of fisheries and second of aquaculture with 50 different types of fish and shellfish products being exported to 75 countries around the globe, and this sector provides employment to nearly 14 million people 6 . Fisheries have been recognized as dominant income and employment generators especially for a large section of economically underprivileged population of the nation 7 . However, assessment of fishery resources and their potential in terms of fish production, operations and landing and berthing facilities for fishing vessels, improving welfare of the fishermen, etc. are some of the challenges faced by this agricultural sub-sector.
Sustained research efforts are crucial for the growth and development of fisheries and aquaculture and the availability of literature on the subject is essential for further research and scientific developments to confront new challenges and issues. Hence, a quantitative assessment of the literary output on fisheries and aquaculture can provide an understanding of the research trends in the subject. Bibliometric analysis allows mapping and generating knowledge management indicators in information communication systems providing an outline of the literary outcomes in a given subject 8 . In science and technology domain, the term 'scientometrics' is used more preferably. Bibliometric/scientometric studies provide an outline of the literary outcome in a given subject over a selected period and are also useful to academic institutions for collecting and organizing information resources of their interest.
The scientometric study in Indian fisheries and aquaculture sector with respect to chronological growth, citation pattern of the articles, international collaboration and subject visualization has not been carried out yet and thus this study can be of paramount significance in this sector.
Review of status of research and development in the subject
Several studies have been conducted to examine the pattern of scientific literature on various subjects including neuroscience, zika virus, diarrhoea, malaria, climate change, etc. A comprehensive study analysing the Indian literary output on fisheries and aquaculture still needs to be conducted. However, in some of the other countries, sincere efforts have been made on the scientometric analysis of literature in fisheries and aquaculture like, Dias et al. 9 did an analysis on net cages in order to determine the environmental issues, using Thomson Reuters database (ISI Web of Knowledge), with 'cage culture' and 'net cage' as keywords; Sylvain 10 conducted a bibliometric analysis to reveal the key features of Canadian research in aquaculture. The relevance of bibliometric aspects for science policy-making was also emphasized; Santos and Vianna 11 performed a scientometric analysis for 12 species of Cynoscion from the Western Atlantic to explore the evolution of knowledge and the topics covered between 1945 and 2015; Aksnes and Browman 12 studied the bibliometric indicators to characterize recent research activity in fisheries science with the objective of garnering insights into the execution of such increased efforts; Natale et al. 13 examined the literature on aquaculture published between 2000 and 2011 using bibliometric and computational semantics. The results revealed that the broad themes of research on aquaculture were related to genetics and reproduction, growth and physiology, farming systems and environment, nutrition and water quality and health. 'Aquaculture', 'Aquaculture Research' and the Journal of World Aquaculture Society were found to be the major sources of articles. Alves and Minte-Vera 14 conducted a broad and comprehensive analysis of the approaches and limitations of Brazilian fresh water fisheries research studies through scientometric analysis. The findings revealed that after 2008, the creation of Ministry of Fisheries and Aquaculture, which indicated the fallacy of disregarding scientific knowledge, could be permeating decision making agencies.
At the national level, few attempts have been made to assess the scientific productivity on fisheries and aquaculture literature published in specific journals including the European Journal of Phycology 15 and Aquaculture 16 . Jayashree and Arunachalam 17 and Arunachalam and Jayashree 18 conducted scientometric studies on fish research in India and comparison of fish science research of China and India respectively. These studies were conducted nearly two decades back and since that the research dynamics have changed profoundly in almost every subject. Hence, an exhaustive study covering scientific literature published in recent years is the need of the hour. Rana An exhaustive attempt to analyse the various scientometric aspects of literature on fisheries and aquaculture of India is still needed. No attempt has been made for network visualization of literary outcome of the country in this sector.
Objectives of the study
The main objectives of the study are: (1) To analyse the chronological growth and citation pattern of scientific productivity in fisheries and aquaculture research in India during 2007-2016. (2) To visualize the research collaboration at international level. (3) To visualize the subject maps and authorship collaboration networks.
Materials and methods
The study was conducted at Guru Angad Dev Veterinary and Animal Sciences University (GADVASU), Ludhiana, India. Data was accessed from 'Scopus' database during July 2017 to accomplish the objectives of the study. An advanced search was conducted in the database using the phrases 'fishery', 'fisheries' and 'aquaculture'. The Boolean operator 'OR' was applied to get exhaustive results represented by either of these phrases. The search was filtered for occurrence of phrase terms in the title, abstract and keywords of articles. The results were further filtered for English language, journal articles for the period 1 January 2007-31 December 2016 and the country India. The string search retrieved 11,012 results. The data was downloaded. After deleting 13 irrelevant records, 10,999 articles were found relevant for analysis. Data analysis was performed on these 10,999 relevant results using frequencies and mean values. The publishing trends of articles on the subject under study, citations to publications, most productive journals and authors were illustrated. The geographical collaboration (international), subject terms and authorship collaboration visualization maps were developed using visualization software.
Results and discussion
The various facets of scientific output on fisheries and aquaculture including its growth, authorship collaboration, publication pattern, international collaboration, etc. are analysed and discussed in the following sections.
Chronological growth
Year-wise productivity of articles is represented in Table 1 . The results revealed that the number of articles on fisheries and aquaculture have more than doubled from 2007 to 2016. During 2007 there were 614 articles on the subject, which increased almost continuously (except for the year 2015) to reach the figure of 1456 during 2016. This shows that the research efforts in fisheries and aquaculture are steadily increasing over the years during the last decade.
Citation pattern of the articles
The citations to an article are accepted as one of its quality indicators. Articles are expected to get more citations over the period. The citation trend of articles in a chronological order is tabulated in Table 2 . It is evident from Table 2 The correlation coefficient was calculated to statistically examine the relation between number of citations and age of the articles. The results revealed a significant correlation at 0.01 level (r = -0.207), between the number of citations and number of years from which the articles are published, making it obvious that the number of citations to an article are likely to increase over years.
International collaboration
The geographical location of authors represents the contribution of countries towards literature on the subject. Authors from 130 countries contributed to articles on fisheries and aquaculture in collaboration with authors from India. The network visualization of 68 countries which contributed five or more articles in collaboration with India is given in Figure 1 . The VOSviewer assigns the nodes in a network to clusters by default. A cluster contains nodes that are closely related to each other and each node in a network fall under one cluster only 23 . The collaboration visualization map comprises nodes and links. The links between two countries reveal that the researchers from these nations have co-authored at least five papers on fisheries and aquaculture. The thickness of links represents the frequency of co-authorship collaboration between nations and size of the nodes reveals the strength of collaboration with India in terms of number of articles.
The international collaboration on fisheries and aquaculture is visualized based on the cluster method using VOS viewer. Each cluster is labelled with a circle in a different colour and tagged with cluster number. Based on the cluster approach provided by VOSviewer, the geographical visualization comprised of six clusters based on the close proximity of the countries.
The United States emerged as the top most collaborator of India to work on fisheries and aquaculture followed by physico-chemical parameters, phytoplankton, plankton, pollution, principal component analysis, seasonal variation, sediments, taxonomy, water quality, zooplankton.
Cluster 2: Antibacterial, antibacterial activity, antimicrobial activity, antioxidant, antioxidant activity, aquaculture, biodiesel, biomarker, biomass, Channa striatus, characterization, cytotoxicity, fatty acid, fatty acids, fermentation, genotoxicity, hematology, lipid, microalgae, probiotic, protein, proximate composition, response surface methodology, Scylla serrate, sds-page, seaweed, sem. 
Authorship collaboration network
A total of 20,236 authors contributed to 10,999 articles. An author visualization map of 209 authors with contributions to more than 20 articles is given in Figure 3 . R. Kumar, S. Kumar, A. Kumar, W. S. Lakra and A. K. Pal emerged to be the most productive authors having contributed to more than 100 articles each. Since authors represent respective institutions, an attempt was made to analyse the instuitional collaborations based on authorship collaborations.
The intra-and inter-institutional collaboration networks based on authorship collaboration clusters illustrated in Figure 3 are given below:
Conclusion
Our study represented a snapshot on the scientific literature in fisheries and aquaculture published in journals indexed in Scopus database. It included quantitative assessment of various scientometric aspects of literary outcome on the subject. The results of the study brought forward that scientific literature on fisheries and aquaculture has almost continuously grown over the last decade. The authorship trends revealed the prevalence of high degree of research collaboration among scientists/ researchers working on this subject. India being the second and third largest producer of fisheries and aquaculture respectively, enjoyed research collaboration with countries from different parts of the world primarily led by the United States. Topics like oceanography/ hydrobiology, fish microbiology and health, fish haematology and carcass composition, fish growth, immunity and immune-stimulants, aquatic environment health and biodiversity and integrated system were the hot topics explored by researchers/scientists at both national and international level collaborations. The network visualization is expected to be useful to the scientific community in analysing the research trends in subject under study and further strengthening the research collaborations.
